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ARSTRACT

A new qeneration of segmented gasmma-ray
scanoere has been developed at Los Alamos (or
tcrap and wacte measurements at the Savannah
Rivar Plant and the Los Alamos Plutonium Facil-
lty. The new desiqns arvo highly automated and
erhibit special features such as good segmen-
tation and thorough shielding to Iimprove per-
formance -

I. INTRODUCTION

The assay of scrap and waste in the nuclear
fusl cycle couatinues to be an important compo-
neat io nuclear material accountabilicy. The
segmented gamma-ray scanser (SGS) is anm irpor-
tant measurement tool for the class of low-
density materials. Segmentation. rotation, and
transmisnioa measurement at each adegment pro-
vide assay capability for items having some
degree of heterogeneity withia the volume of
their contsiners. The SGS technique cesults |n
negligible bias {or samples contalning fine par-
ticles of nuclear material dispersed throughout
the matrix of waste matecrials.

Historically, SGS measurements have been
plagqued with background interterences from near-
by radiation sources because of inadequats
ihlelding of the Jetsctrr. They have almo auf-
fered from less ~han ideal segmentation whon the
distance betweer the detector collimator and the
sample is too large. Ffigqure | shows a schematic
representation for an SGS, where the detector la
properly shielded and the collimator.to-sample
view angles are depicted. [t L. obvious (from
the figure that a collimator with a large aspect
ratio of hor.sontal depth to vertical slit-
Relght and with prozimiry to the sample ylalds
good segmentatlon, that ls, vertical view anqgles
of minimal vertical estert,

Bacause the corcrection factor fur attenua-
tion is dJdependent upon the relarive geomerry
among the detector cryatal, the vollimator slir,

and the eample, errors have also been made by
calibrating with containers inuch smaller than
the usual assay contalners but not using iande-
pendent correction factors tor the two diffe-ing
geometries. To address such lssues for specific
plant requirements, the Los Alamos Safequards
Assay Group designs. bu!flds, tests, installs,
and evaluates prototype nondestructive assay in-
struments for the nuclear processing icdustry.
Specifically, In the 'ast few years, three new
SGS models have been created: a4 stand-alone
uclt with variable geometcy to assay sealed con-
ta.ners under the direction of an operator who
loads and unloads the samples, an SGS capable
of assaying samples within a glovebox contain-
ing corrosive fumes, and an SGS for waste meas-
urements within glovebox contalnment. Software
is continually improved to automate the assay.
to provide measurement control, and to provide
flexiblility for future assay needs.

II. VARIABLE-GEOMETNY 3GS

A. Mechanica! Desigm

Thls stand-alone model ls housed Iln a sheat
metal cabinet with interlocked doors for inser
tion and removal of assay items by the operator.
The machinary can only operate if the doors are
closed for tha protection of the operator. This
SGS3 has two tables, une to support the germanium
detector and lts lntegral collimator and shield,
and another to support a shadow ahleld, trans-
miesion source assembly, and a shutter assembly.
The tables ride on ball-bushing rails and are
Ariven from a single shafr wlith right . and lert
handad threads, one thread for each table. Thix
aliows the tables to come either closer togather
or farther apart depending on the sense nf r1ata
rlon of the shaft, which ls driven by a tranala
rion motor In the horlsontal dlrectiorn, The
elevation and rotatlon machanlsm, which cauxe:
tte sample to be acanned across the anyle of
view of the deteccor collimator, is mounted he
tween the ralls and between the tranmlation
tables,
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Fig. 1. General arrangement for seqgmented gamma-ray scannirqg.

1. Detector Collimator amd Shield Agsem-
bly. An integral design to shield the detector
and provide the collimator slit for viewing the
sample was created as two lidentical shield
halves, each coantaining a hemicyllindrical open-
ing for rhe detector cryostat and corresponding
halves of the collimator slit. Such a design
allows Cor easy (fabrication using a stainless
steel outer skin into which lead can he cast,
Machined tungsten inserts Cfor the collimarar
could be used to eliminats 2 rays with energies
oroduced by tluorescence of lead. Pairs of in-
seres with different slit heighets could be used
for assay campaigns among samples with grearly
varying height. However, the design for this
model aAs weli as fur the other two o he e
scribed wirthin calls €or A single «lit helght
of 12,7 mm and a rcollimator depth (hotisontal
axtent) of 101.60 mm, for an Aspeact tAatin of AL,

1. Detector Table. The detector Dewar and
the collimator 4nd sh.eld are supported by uepa.
rate shelves on a common table. fhe splir le
1ign of the collimator and shield alinws [t
#asy installation or removal «f the co.xi1al er

manium detector mounted in lts 30 1 Dewar. A
horisontal dipstick cryvstec model iy used. The
rable is supgorted by four ball bushings 1 ting
AB pairs on the two ~upporting tails, A bl ¥
tapped with a left handed tiiread 1y mounted
the base place of ~he rable. The dri. e g

for translation passas through this nuv,

). Shadow_Shiald. This shield 11 aai.y
fabri-wled s A stainless svreel woldmear

whi-h .ead an be ast, It nag v ey, ool
Al ahaps  and 1y wapported coaneearpge v e
Adly of raration nf the SAmp.e ohien ' he 'y,

LAting tablies are an feroapart oA v, et



This shield prevents the detector from receiv-
ing gamma rays through the collimator from
sources beyond tne sample.

4. Shutter. The shadow shield is machined
to house a shutter ausembly that consists of &
tungsten . 'utter with a 12.7-mm hole, a housing
for the sliding tungstesn block, and a solenocid
assemk:ly to actuate the movement of the tungsten
shutter. The actuation is in a vertical direc-
tion. The shutter opens when the solenoid is
energized and closes when the solenoid voltage
goes to zero. The shutter is positioned between
the sample and the transmission source. When
open, the hole in the shutter is concentric with
the detactor crystal. The azis of che hole is
perpendicular to the axis of rotation of the
sample.

5. Transmigsion. Source Assembly. The
transmission-source assembly can be a single-
source plug mounted into the shadow shield or a
wheel containing several sources, which can ro-
tate to place cne source at a time into position
behind the shutter. The plug or wheel has been
designed to be machined from tungsten. The
wheel design includes a Geneva mechanism driven
by a small stepping motor to provide reproduci-
ble positioning of up to eight sources. The
wheel allows for automatic assays witl multiple
sources for multipl!s assay isotopes within the
same sample.

6. Shadow-Shield Table. This is a single-
shelf table also supported by four ball bushings
riding on the same two rails as the detector
table. It has a right-handed nut mounted to it
for the translation screw. The shadow shield,
shutter assembly, and transmission-gsource asssem-
bly are mounted to the table zo that the source
and open-shutter hole are concentric with the
detector crystal.

7. Rlevation and Rotation Mecisaniem. The
elevatoc drives tho sample-votation table up and
dawn, Three ball-bushing rods guide the move-
ment and three ball-nut screws driven by a
riming belt common to & stepping motor provide
the vertical motion. The sample-rotation table
is driven directly by another stepping motor
mounted beneath it. The table has concentric
indentations that match the cylindrical pedes-
tals used ro support the cylindrical sample con-
rainers. The pedestals have plastic walls to
provide minimal attenuation when rthe detector
'71ewy the 'agion just beneath a sample can., The
wlavartor is designed tn have sufficient travel
40 rhaf one can overscan the sample, that iu,
mAAsure two O three segments both sbove and bhe .
low rhe sample o> be confldent that all nuclear
material was v.awed with equal efficiency,

R. Flectrical Design

"he tnst rument L s
Therefotm, the  moving

computer controlled,
components qenerally

require elsctric motors or the solencid :n the
case of the shutter. Sensors are also required
to prove that movements rcyuested are 1ndeed
completed. Mechanical limit switches are also
used to prevent damage if a motor coniinues to
run beyond the usual sensor position. The in-
strument computer is master to A& slave micro-
processor that controls mechanism movemeats.
Data acquisition proceeds between the computer
and a dedicated multichannel analyzer (MCA) that
collects the digitized pulses from conventional
gamma-cay sSpectroscopy system components.

1. Drive Motors. Stepping motors can be
used for the elevator, rotator, translator, aad
source wheel. An alternating-curremt reversible
motor has also been used for the traaslator.
Stepping motors, drivers, and indexers contain-
ing microprocessors can be obtained commer-
cially. Special drive :ircuits have also been
used, An encoded elevator motor is desirable
to insure equal steps during the segmented
assay.

2, Positios Sensors. Proximity switches
have been used to indicate the lowest elevatoar
position, the highest elevator position with the
tables far apart, the highest allowed elevator
position with the tables close together, the
tar-qeometry position of the tables, the near-
geometry positionm of the tables, the rotation
of the turntable. and the open or closed condi-
tion of the doors. Ontical switches have been
used {n conjunction with a disc with unique pat-
terns of holezs to inform the computer as to
which of the eight source-wheel positions is in
place behind the shutter. The disc is mounted
to the shaft between the source wheel and the
Geneve star wheel.

3. Machasical Liwit Switches. Mechanical
microswitches are used to prevent the elevator
motor from driving the elevator into any mechan
ical stops, elither near the top or bottom of
*ravel, The limit switches are set just beyound
the ususl svopping positions signaled to the
computer by the position sensors. [If a posirion
sensor fails, or the computer fails, the limit
switch will disable the rotation of the elevator
motor independent of the computer.

4. Microprocesgor Control. Commercial in
dexers and controllers designed at Los Alumos
have been used to monitor the sensors and con
trol the motors. Los Alamos-produced soltware
resident in the microprocessor is ope asted un
dar command of an insttument computer *o pro
vide rhe automat)d assays desired. Typraai.oy,
the microprocessor performs the sequenced nove
ments and .checks for unsafe conditione,

nxample, sensors rceading incorrectly, The o
serument cComputer checks the status of rhe ac!
ware as Jderermined by the microp:ncessnt vl
proceads to the next srep or heits the vqaay
“i'h AN ercHr message to the operator x ey

nal,



S. Data Acquisition and Analysis. The in-
strument computer is interfaced to the MCA. The
MCA collects the gamma-ray spectra under command
of the computer. The germanium detector preamp-
lifier output is shaped and amplified by a au-
clear instrumentatioa module (NIM) spectroscopy
amplifier. The amplifier output iy digitized by
a NIM analog-to-digital coavertar (ADC). The
cigitized data are stored in the MCA undsr the
control of a digital stabilizer, also a NIM
unit. Zero stabilization is based on a low-
energy peak, a gamma ray from a low-activity
source affized to the detector cryostat. The
rate of qgamma rays in this low-energy peak is
used by the analysis software to cocrect for
electronic losses resulting from deadtime and
pileup. This source is indicated in Fig. 1 as
the count rate correction source. Gain stabili-
zation is usually based on a gamma rAy from the
transmission source having an energy near the
top end of the ADC range.

The assay sequenca follows an initial
dialog between the operator and the iastrument
computer using the operator's terminal. The
near or far qgeometry is then set. and the eleva-
tor positions the turntable at the appropriate
upper sansor. Tie operator is requested to load
the sample and its pedestal, to close the door,
and to press the return key on the terminal when
ready. The elevitor moves to the preset posi-
tion for the first segment. The turatable is
rctyced and the MCA collects data for a preset
.ime interval. Data are transferred to the com-
puter for analysis and che elevator moves to the
next segment. At each segment, data are col-
lected with the transmission source shutter open
(called +s<inqle-pass eszssay) or with both the
shutter open and closed (called double-pass
assay) as per instructicns by the operator in
the initial dislog. After completion of the
final seqwent data collection, the turatable is
turned off and the elevator returns the turn-
table to its upper sensor position. The opera-
tor is then instructed to open the door, remove
the sample and i(ta pedercal, sand press the
return key oa the terminel when ready., The com-
puter then will cue the operator for the dialog
for ~he next assay.

The analysis inclules computation of & co.-
cracted count rate for every Jrmma cay requested
among tnose emittsd by the raidioactive isotopes
in the sample. this is done at each segment,
The sums over all segments of the.e rates, Jamma
ray 1y qamma tray, provide the rotal corrected
rates that are proportivnal to the masses of ~he
1s0topes amitr,.ng rne gJamma rays. The corrected
count varte for A sing'e jamma 1ay is the product
ol the observed (are (protopeak area divided by

the time to collecs it), the corrvection factor
for rate tetated losses tesuctang from deadrime
and prleup. and the corvection racrtor for arten
rtation by the ontainec and the naterial within
tha ontainer, The artenuarion ‘ortection fac .

tor s functaan b the rransmission for the

amma-ray energy being deterrined. This ~ran,-
mission is inferred from messured transmissions
of gqamma rays {rom the trarsmission source.

Traditionally, software has been written
for the assay of a single isotope using one of
its gam®a rays and one or two gamma rays from a
single transmission source. With the advent of
powerful microcompucers, Los Alamos is now pro-
ducing SGS code, which allows a supervisocy
operator to defire several gamma rays from sev-
erzl assay isotopes aiong with similar numbers
of qamma rays from one or more transmission
sources. A ‘rangmicgion source wheel is re-
quired for automatic assay with more than one
transmisgsion source. The software will produce
a total corrected count rate for each of the
assay ganmia rays. The appropriate transmission
for attenvation correction at a given energy is
obtained through use of a general interpolation
algurithn based on the lirear relationship be-
tween the logarithm of the energy and che loga-
rithm o/ t!)e attenuation coefficient. Transmis-
sion-fcurcd gamma rays near the assay gamma ray
of interest are used in the interpolation or
nearby extrapolation. Appropriate standard ref-
ereac? materials must be used to establish the
calilration cosnstants--one per assay gamma
ray. An appropriate standacrd could contain a
uniform mixture of fine n clear matecrial Jdis-
persed among fine particles of a diluting
mat iz, The callbration con<tant is the totail
corrected count rate divided 'y the mass o. rhe
isvtope in the standard sample emitting ‘he
qanma ray.

Assays of unknown samples usirg multiple
Jarma rays can be used to identify items con-
taining larqge particles of nuclear marterial,
which will absort more of their own emitred
radlation at lower energies than at higher ener -
gies. A companion paper, “"Recent Advances in
Sejmented Gamma Scanner Analysis," will discuss
current approaches to correct for self-absocrp-
tion using multiple gamma rays from an emitting
isotope.

6. Performance. [n an implementation »f
the variable-qeometry SGS for assay of highly
entiched uranium with 109Yb as the rransmissi n
source, (live standard raeference materials we:e
proluced with {sotopic 235 masses o€ 15, 4%,
155, 22%, and 300 g, respectively. Ninery iix
assiys cf these standards were performed in *na
near geometry to test the S5GS: 14, 27, 145, 11,
and 18 each, respectively. The attenuat: .. :
rect on factor varied trom 1.8 at 15 g v V7
at 100 g, a range of 2318, The :elarive urp.»
standard deviation of the calibration “onsr an’
the total corrected count ctAte pec jram of -

nver rthe sample of )6 asgays was LU, T
agtimated precision of any single assay o o
sample varied from G, 37 ro O BN (el e 0y
dard Amviation, Jepending on rhe e, T
data «tow a lack Hf hiay for thiy er of

mtly prtepared  gtandard tafarence ey



The SGS technique is accurale provided the
nuclear particles are not too self-absorbing.

III. IN-LINE SGS FOR A GLOVEBOX WITH A COR-
ROSIVE ATMOSPHERE

To facilitate assay of scrap in the aque-
ous processing section of the Los Alamos Pluto-
nium Facility, an SGS was developed to assay
staioless steel cans of scrap within the glove-
box containment. The atmosphere within the
glovebox is wusually acidic:; therefore., this
unit provides a minimum numher of moving parts
withia the corrtosive environment of the glove-
box. A cylindrical well is suspended from the
bottom of the glovebox. The well surrounds a
turntable that ‘s mounted through a bearing to
a bar magnet beneath the bearing. The bar mag-
net is suspended just abcve the bottom of the
wvell. Beneath the well is another bar magnet
attached to a direct-current moter through
another bearing assembly. The two magnets cou-
ple through the nonferromagnet.ic stainless steel
of “re Dottom of the well to allow rotation of
the sampie can upon the turantable. The eleva-
tor drives the entire decector, collimator,
shielding, shutter, and traasmission source as-
sembly to scan the sample within the well. Tr.
elevator is driven with a stepping motor and a
timing belt and ball-nout screv mechanism similar
to chat previously described. The detector and
Dewvar are apout 170 mm shorter than the stancdard
10-1 Dewar models commercially produced, which
i4 a drawback in the event the detector fails.
To partially compensate for this possibility, an
N-type detector with higher neutron damage
threshold was chosean. A neutroan-damage repair-
able cryostat was also specifled. The unit has
4 collimator and shield assembly. shadow shield,
shutter, and transmission-source plug similar
to those frov£oully discussed. The plug houses
a single 5Se source. The assay software is re-
stricted to 239y assay at )45 and 414 keV.

IVv. IN-LINE SGS POR MASTE CERTIFPICATION

All waste to be stored at the Waste {sols-
tion Pilot Plant (WIPP) of the United States
Department of Enerqy, located at Carlsbad. New
Mexico, must be certified accordiug to the rules
for acceptance at WIPP. The Los Alamos Pluto-
nium Facility waste managemen. team hes coummis-
sioned the Safequards Assay Group to provide an
in-line SGS and an in-line neut'2n coincidence
counter for aAssay of containers up to 210-mm
diam by 406 -mm tall. The two instruments will
be controiied by "he same computer, Because the
5GS tends to assay .ow when jarge particles are
present and the neutron counter teuds to assay
high when inknown i1nduced (fission occurs, the
pair of tesults for each item should put a bound
nn rthe assay vaiue ! rhe waste jtem. e 14
toped rhat, as rthe instruments are used, seqgre
jated wastay vill he h racterized to quantify
and  corvect biases. the contants € abour 0
af rthe largest cans used in these 1nstruments

can be "bagged" out into a 208-1 drum for sh.p-
ment to WIPP, The sum of the assays of rhe
cans making up the contents of the drum should
be moro accurate than an assay of the drum
alone. The assay value will be declared as the
sum., A confirmatory measurement of the 208-1
drum will probably be made ror assurance.

The in-line SGS for waste certificatioa,
commonly called the WIPP SGG, features gnod seg-
mentation of the large can, complete detector
and shadow shielding, shutter, and traasmissioa-
source wheel assemdlies similar to those previ-
ously discussed. However, its elevator and
rotator assembly is housed within the glovebox
containment in a deep well beneath the glove-
box. The neutron coincidence countor is wrapped
arouad ancther well beneath the same glovebor.
This instrument glovebox has a dry at.osphere
free of acidic corrosive fumes. Therefore. the
small stepping motors for the elevator and rota-
tor are expected to perform well for a long
period of time. The elavator is another ball-
bushing rod and ball-iut screw assembly, but is
driven with stainless cteel "prockets and ch‘ins
by the encoded elevation xtepping motor. The
rotation stepping motor is directly coupled ‘o
the turntable, which is Zabricated as a thin-
walled stainless steel pedestal. The elevator
and rotatoz assembly can Le hoistad up ianto the
Jlovebox if muintenance is required. A single
multiple-pin vacuum fesdthrough in the glovebox
wall provides the electrical pathwavs for con-
trol of the stepping motors and monitoring ot
the elevation gnd rotation s:nsors., The mecha-
nism is enti.ely staialess steel with the excep-
tion of the stepping motors, proximity sensors,
and mechanical microswitches. A feature of the
well is the inclusion of a bolt-on reentrant
rectangular box iato which the rollimator assem-
bly slips 30 ae to give a minimal gap betweeun
the collimator and tlie wall of the sample can
for improved segmentation and jensitivity., The
region of the boa through which the gamma reys
penetrate on thelr way to the collimator is
thinner than the rest of the glovebox walls to
minimise atteanuatiun. The detector and its
shield and collimator are s'pported by a rable
supported with adjustable jacks frum che (loor.
The shadovw shield, shutcter, and transmission
source wheel assembly are rupported by a second
free-standing table on the opposite side of the
well. Software in prcczess will be nearly iden
tical to that faor the variable-geometry SGS,
sour e -wheel model.

V. COMCLUSIOM

The three new versions of the SG5 provide
tuyged, highly automated, and Jaccurate rooiq

for assav of low-density scrap and waste, which
Aare dtill umporrant materiAl categories in ' he
Avcguntability  cealm of  safequards i rhe
nuclear industry., They were dezigned with -are

fal attanrion to the physics requited by 'he I8
technique and angineeced for reliable and il



operation. The use of integral shielding makes
rhem nearly 1mmune to backgrouna radiatioas.
Good segmentatiovn without much loss of sensitiv-
ity makes them useful with heterogeneous distri-

butions within a sample container. The addi -
tion of the source wheel ard the more general
software makes trem expandable to assay of addi-
tional isotopes in the future.



